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(54) ELECTROMECHANICAL ACTUATOR DISCONNECT

(67)  An electromechanical actuator may include a
motor assembly (104) and a ball nut (108). A split ball
screw (110) may be disposed between the motor assem-
bly and the ball nut. The split ball screw may have an
inner portion (112) and an outer portion (114). The inner
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portion may interface with the motor assembly. The outer
portion may interface with the ball nut. A pin (124) may
be configured to engage with the inner portion and the
outer portion of the split ball screw to couple the outer
portion with the inner portion.
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Description
FIELD
[0001] The present disclosure relates to landing gear,

and, more specifically, to release systems for electric
landing gear actuators.

BACKGROUND

[0002] Aircraft often include one or more landing gear
that comprise one or more wheels. Retractable aircraft
landing gear for aircraft are typically stowed in the aircraft
structure and are deployed during takeoff and landing
events. Retractable landing gear may typically include a
shock strut having an upper end pivotally mounted to the
frame of the aircraft about a retraction axis for pivotal
displacement between a vertical, downwardly extending,
landing and ground support position, and a horizontal
retracted position nested within a wheel well in a lower
surface of the aircraft wing or fuselage.

SUMMARY

[0003] Systemsand methods disclosed herein may be
useful for an electromechanical actuator for a landing
gear system. An electromechanical actuator may include
a motor assembly and a ball nut. A split ball screw may
be disposed between the motor assembly and the ball
nut. The split ball screw may have an inner portion and
an outer portion. The inner portion may interface with the
motor assembly. The outer portion may interface with the
ball nut. A pin may be configured to engage with the inner
portion and the outer portion of the split ball screw to
couple the outer portion with the inner portion.

[0004] Invarious embodiments, the outer portion of the
split ball screw may be concentric with the inner portion
of the split ball screw. The electromechanical actuator
may further comprise an actuator release assembly. The
actuator release assembly may comprise a hub disposed
radially inward of the pin. A spring may be coupled to the
hub to form a biasing member configured to bias the pin
into a groove in the outer portion of the split ball screw.
The hub may comprise a first hub portion having a first
diameter and a second hub portion having a second di-
ameter. Thefirst hub portion may be configured to contact
the pin to hold the pin in the groove in the outer portion
of the split ball screw. The electromechanical actuator
may further comprise a lever configured to rotate about
a pivot. A link may be coupled between the hub and the
lever. A cable may be coupled to the lever. The cable
may be configured to rotate the lever. The lever may be
configured to exert a force on the link. The link may be
configured to compress the spring to move the hub. The
second hub portion may be configured to disengage the
pin from the outer portion of the split ball screw.

[0005] A landing gear is also provided. The landing
gear may comprise a strut and an electromechanical ac-
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tuator coupled to the strut. The electromechanical actu-
ator may comprise a motor assembly, a ball nut, and a
split ball screw disposed between the motor assembly
and the ball nut. An actuator release assembly may be
coupled to the split ball screw.

[0006] In various embodiments, the split ball screw
may include an inner portion concentric with an outer
portion. The inner portion may have an aperture aligned
with a groove of the outer portion. The actuator release
assembly may comprise a hub disposed radially inward
of the split ball screw. A pin may extend radially outward
from the hub and through the aperture in the inner portion
of the split ball screw. A spring may be coupled to the
hub to form a biasing member configured to bias the pin
into the groove in the outer portion of the split ball screw.
The pin may be disposed in the groove and may couple
the outer portion with the inner portion of split ball screw.
The hub may comprise a first hub portion having a first
diameter and a second hub portion having a second di-
ameter. The first hub portion may be configured to contact
the pin to hold the pin in the groove in the outer portion
of the split ball screw. The actuator release assembly
may be configured to decouple the outer portion from the
inner portion of the split ball screw to decouple the ball
nut from the motor assembly. The landing gear may be
configured to deploy in response to the actuator release
assembly decoupling the ball nut from the motor assem-
bly.

[0007] A method ofoperating an electromechanical ac-
tuator is also provided. The method may comprise the
steps of coupling an inner portion of a split ball screw
with an outer portion of the split ball screw, and rotating
the split ball screw about an axis to drive a ball nut in a
first axial direction. In response to a failure mode of the
electromechanical actuator, the method may include the
steps of decoupling the outer portion of the splitball screw
from the inner portion of the split ball screw, and trans-
lating the outer portion of the split ball screw and the ball
nut in a second axial direction.

[0008] In various embodiments, the step of coupling
the inner portion with the outer portion may further com-
prise applying a biasing force, by a biasing member, to
a pin configured to engage with the inner portion and the
outer portion. The step of decoupling the inner portion
from the outer portion may further comprise applying a
force to the biasing member to remove the biasing force
from the pin. Removing the biasing force from the pin
may disengage the pin from the outer portion of the split
ball screw. The method may further comprise reengaging
the pin into the outer portion of the split ball screw in
response to removing the failure mode of the electrome-
chanical actuator. The step of translating the outer por-
tion of the split ball screw and the ball nut in the second
axial direction may further comprise passively deploying
alanding gear coupled to the electromechanical actuator.
[0009] The foregoing features and elements may be
combined in various combinations without exclusivity,
unless expressly indicated otherwise. These features
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and elements as well as the operation thereof willbecome
more apparent in light of the following description and
the accompanying drawings. It should be understood,
however, the following description and drawings are in-
tended to be exemplary in nature and non-limiting.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] The subject matter of the present disclosure is
particularly pointed out and distinctly claimed in the con-
cluding portion of the specification. A more complete un-
derstanding of the present disclosure, however, may best
be obtained by referring to the detailed description and
claims when considered in connection with the figures,
wherein like numerals denote like elements.

FIG. 1 illustrates an aircraft in accordance with var-
ious embodiments;

FIG. 2illustrates a perspective view of the retractable
landing gear employed on the aircraft of FIG. 1, in
accordance with various embodiments;

FIGS. 3A and 3B illustrate cross-sectional views of
a landing gear electromechanical actuator with a re-
lease assembly, in accordance with various embod-
iments;

FIGS. 4A and 4B illustrate cross-sectional views of
an electromechanical actuator with arelease assem-
bly, in accordance with various embodiments;
FIGS. 5A and 5B illustrate a cross-sectional view of
an electromechanical actuator for a landing gear, in
accordance with various embodiments; and

FIG. 6 illustrates a method of operating a electrome-
chanical actuator for landing gear, in accordance
with various embodiments.

DETAILED DESCRIPTION

[0011] Allranges and ratio limits disclosed herein may
be combined. It is to be understood that unless specifi-
cally stated otherwise, references to "a," "an," and/or
"the" may include one or more than one and that refer-
ence to an item in the singular may also include the item
in the plural.

[0012] The detailed description of exemplary embodi-
ments herein makes reference to the accompanying
drawings, which show exemplary embodiments by way
of illustration. While these exemplary embodiments are
described in sufficient detail to enable those skilled in the
art to practice the exemplary embodiments of the disclo-
sure, it should be understood that other embodiments
may be realized and thatlogical changes and adaptations
in design and construction may be made in accordance
with this disclosure and the teachings herein. Thus, the
detailed description herein is presented for purposes of
illustration only and not limitation. The steps recited in
any of the method or process descriptions may be exe-
cuted in any order and are not necessarily limited to the
order presented. Furthermore, any reference to singular
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includes plural embodiments, and any reference to more
than one component or step may include a singular em-
bodiment or step. Also, any reference to attached, fixed,
connected or the like may include permanent, removable,
temporary, partial, full and/or any other possible attach-
ment option. Additionally, any reference to without con-
tact (or similar phrases) may also include reduced con-
tact or minimal contact.

[0013] Systems and methods disclosed herein may be
useful for electric landing gear actuation systems, and
more particularly, for releasing an electromechanical ac-
tuator assembly for emergency deployment of aircraft
landing gear. An electromechanical actuator may be
used in the retraction and deployment of retractable land-
ing gear.

[0014] With reference to FIG. 1, aircraft 10 on runway
12 is shown, in accordance with various embodiments.
Aircraft 10 may comprise a landing gear system 14 com-
prising one or more landing gear 16 each coupled to one
or more wheel and brake assemblies. Landing gear 16
may further comprise a strut, shock strut, bogie beam,
axle and/or other structure, coupled to one or more
wheels of the landing gear 16. For example, each landing
gear 16 may include a strut 18, which supports one or
more wheels 20. In various embodiments, landing gear
16 may comprise deployable and/or retractable landing
gear (e.g., as depicted in FIG. 2). Aircraft 10 may com-
prise a controller 22 and pilot controls 24. Landing gear
system 14 may be in communication with controller 22
and/or pilot controls 24 and may receive commands from
controller 22 and/or pilot controls 24, for example, to de-
ploy or to retract landing gear 16.

[0015] With reference to FIG. 2, aircraft 10 having a
retractable landing gear is shown, in accordance with
various embodiments. A strut 18 of landing gear 16 may
have an upper end pivotally mounted to the aircraft 10
at a pivot 26. Landing gear 16 may further comprise an
electromechanical actuator 100 operatively associated
with the strut 18 and configured to drive the deployment
and/or stowing of landing gear 16. Strut 18 may be ro-
tatable about pivot 26 in response to electromechanical
actuator 100 applying a force to an arm and/or joint of
strut 18.

[0016] With reference to FIGS. 2 and 3A, electrome-
chanical actuator 100 includes opposing ends 50, 52 that
are coupled to the aircraft 10 and/or strut 18. Electrome-
chanical actuator 100 may be configured to extend/re-
tract to move landing gear 16 from a retracted position
to a deployed position and from a deployed position to a
retracted (stowed) position. In various embodiments,
electromechanical actuator 100 may be configured to ex-
tend, causing landing gear 16 to rotate about pivot 26
into a position for stowage, i.e., a retracted position. Ac-
tuator 100 may be configured to retract causing landing
gear 16 to rotate about pivot 26 into a deployed position.
For purposes of illustration, electromechanical actuator
100 will be discussed as extending to stow landing gear
16, and retracting to deploy landing gear 16. However,
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it will be understood from this disclosure that, in various
embodiments, electromechanical actuator 100 may be
configured to extend in order to deploy landing gear 16,
and retract in order to stow landing gear 16.

[0017] With reference to FIGS. 3A and 3B, an electro-
mechanical actuator 100 for a retractable landing gear
is shown, in accordance with various embodiments. Elec-
tromechanical actuator 100 may be configured to convert
an internal rotary motion by a motor assembly 104 to
linear motion of one or more actuator components. The
electromechanical actuator 100 may extend along an ax-
is A-A’, i.e., along the z-direction on the provided x-y-z
axes. For ease of illustration, a proximal end 50 of elec-
tromechanical actuator 100 will refer to an end of elec-
tromechanical actuator 100 near A’ on the axis A-A’, while
a distal end 52 of electromechanical actuator 100 will
refer to an end of electromechanical actuator 100 near
A on the axis A-A’. Further, the distal direction 62 will
refer to the positive z-direction, i.e., toward A, while the
proximal direction 60 will refer to the negative z-direction,
toward A’. The proximal direction 60 may be 180 degrees
opposite to the distal direction 62.

[0018] Invarious embodiments, electromechanical ac-
tuator 100 may comprise a housing 102, a motor assem-
bly 104, a ball nut 108, a split ball screw 110, and an
actuatorrelease assembly 120. Motor assembly 104 may
be disposed within a motor housing 106. Generally, mo-
tor assembly 104 may rotate and may drive the split ball
screw 110 through a plurality of rotations. Housing 102
may comprise a generally annular structure configured
to house a ball nut 108 and extending along the axis A-
A’. Ball nut 108 may be generally annular and extend
axially along the axis A-A’ within housing 102. The rota-
tion of split ball screw 110 may drive the ball nut 108
linearly in an axial direction (z-direction) relative to hous-
ing 102, split ball screw 110, motor assembly 104, and
motor housing 106.

[0019] Split ball screw 110 may comprise a generally
annular structure that extends axially along the axis A-
A’ within ball nut 108. In various embodiments, split ball
screw 110 may comprise a ball screw which is divided
into two annular portions, an inner portion 112 and an
outer portion 114. Outer portion 114 may be disposed
around inner portion 112 in a concentric and/or coaxial
arrangement. Inner portion 112 and outer portion 114
coupled together may operate as a unitary ball screw.
Split ball screw 110 may further be configured such that
outer portion 114 may be decoupled from inner portion
112. In response to outer portion 114 being decoupled
from inner portion 112, outer portion 114 may translate
axially relative to inner portion 112.

[0020] In various embodiments, an actuator release
assembly 120 may be configured to engage and disen-
gage the split ball screw 110 by mechanically coupling
and decoupling outer portion 114 with inner portion 112.
Actuator release assembly 120 may comprise a one or
more pins 124, which may couple outer portion 114 with
inner portion 112. Pins 124 may be configured to restrict
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linear translation of outer portion 114 relative to inner
portion 112.

[0021] Referring still to FIGS. 3A and 3B, actuator re-
lease assembly 120 is shown in a state for engaged op-
eration of electromechanical actuator 100, i.e., split ball
screw 110 is engaged with ball nut 108 and motor housing
106 to drive ball nut 108 by the rotation of split ball screw
110. Pins 124 of actuator release assembly 120 are en-
gaged with both inner portion 112 and outer portion 114
of splitball screw 110, thereby coupling together the inner
portion 112 and the outer portion 114 of split ball screw
110. During engaged operation of electromechanical ac-
tuator 100, inner portion 112 and the outer portion 114
of split ball screw 110 operate as a unitary structure and
rotate together about an axis A-A’.

[0022] A radially inner surface 140 of ball nut 108 may
be helically threaded, and for example, may define a hel-
ical track on radially inner surface 140 of ball nut 108.
Likewise, split ball screw 110 may comprise one or more
translation bearing tracks defined in a radially outer sur-
face 142 of outer portion 114. The translation bearing
tracks in radially outer surface 142 may comprise annular
or substantially annular grooves and/or channels. Thus,
radially outer surface 142 of outer portion 114, which is
also the radially outer surface 142 of split ball screw 110,
may be helically threaded. Split ball screw 110 may be
housed within ball nut 108, and the threading on radially
outer surface 142 of split ball screw 110 may interface
with or mate with the threading on the inner surface of
ball nut 108. Ball nut 108 may be disposed at least par-
tially around split ball screw 110 such that one or more
translation bearing tracks of split ball screw 110 and hel-
ical track of ball nut 108 align to form a translation bearing
raceway. A plurality of bearings 156 may be disposed
within the translation bearing raceway between split ball
screw 110 and ball nut 108. In various embodiments,
bearings 156 may be spheres, non-spherical rolling bear-
ings, cylindrical rollers, or other suitable bearings. During
operation, split ball screw 110 may rotate about an axis
A-A’. As split ball screw 110 rotates, the threading on
radially outer surface 142 of split ball screw 110 may
cooperate with the threading on radially inner surface
140 of ball nut 108 to drive ball nut 108 in an axial direction
(z-direction).

[0023] As discussed above, split ball screw 110 may
be circumferentially split into inner portion 112 and outer
portion 114, which are held in an engaged position by
one or more pins 124 of actuator release assembly 120.
A radially inner surface 160 of outer portion 114 may be
in contact with a radially outer surface 162 ofinner portion
112. Inner portion 112 of split ball screw 110 may com-
prise one or more apertures 164 defined generally radi-
ally through inner portion 112, from a radially inner sur-
face 172 to a radially outer surface 162. Apertures 164
may be configured to receive pins 124. Outer portion 114
may define a groove 166 in radially inner surface 160 of
outer portion 114. Groove 166 may be a continuous cir-
cumferential groove in radially inner surface 160, and
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may be configured to receive pins 124. Further, actuator
release assembly 120 may include a plurality of circum-
ferential grooves, such as groove 166, spaced axially
along radially inner surface 160 of outer portion 114, i.e.
at different axial locations. Actuator release assembly
120 may include multiple sets of pins, such as pins 124,
spaced axially and with substantially the same spacing
as the plurality of grooves in outer portion 114. Inner por-
tion 112 may include multiple sets of apertures, such as
apertures 164, in which the pins 124 are disposed. Pins
124 disposed through apertures 164 and groove 166 op-
erate to resist the relative movement of inner portion 112
and outer portion 114 in an axial direction (z-direction).
In various embodiments, pins 124 may be configured to
resist the relative movement of inner portion 112 and
outer portion 114 in an axial direction (z-direction) and a
circumferential direction. In various embodiments, in ad-
ditionto pins 124, which may be engaged toresist relative
axial movement between inner portion 112 and outer por-
tion 114, split ball screw 110 may further comprise fixed
anti-rotation tabs, which resist relative circumferential
movement between inner portion 112 and outer portion
114.

[0024] Referring still to FIGS. 3A and 3B and now to
FIGS. 5A and 5B, split ball screw 110 may comprise an
anti-rotation interlock 144 configured to restrict circum-
ferential movement of outer portion 114 with respect to
inner portion 112, but to permit axial translation of outer
portion 114 with respect to inner portion 112. In various
embodiments, split ball screw 110 may comprise one or
more splines or anti-rotation tabs 146. An anti-rotation
tab 146 may extend radially from radially outer surface
162 of inner portion 112 of split ball screw 110, and may
further extend axially along at least a portion of radially
outer surface 162, parallel to axis A-A’. The one or more
anti-rotation tabs 146 may couple inner portion 112 with
outer portion 114 to resist relative circumferential move-
ment, but permit relative axial movement, of outer portion
114 with respect to inner portion 112. Outer portion 114
of split ball screw 110 may comprise one or more anti-
rotation grooves 148 formed in radially inner surface 160
of outer portion 114. Anti-rotation tab 146 may mechan-
ically couple with anti-rotation groove 148 to form the
anti-rotation interlock 144. As torque is applied to inner
portion 112 of split ball screw 110 by motor assembly
104, the anti-rotation interlock 144 may conduct this
torque into outer portion 114 and prevent outer portion
114 from rotating in response to the torque. Split ball
screw 110 may comprise any number of anti-rotation tabs
146 and anti-rotation grooves 148 sufficient to withstand
a given magnitude and impulse of force. With inner por-
tion 112 and outer portion 114 coupled together by at
least one anti-rotation tab 146 and one anti-rotation
groove 148, split ball screw 110 may rotate as a unitary
ball screw. For purposes of illustration, split ball screw
110 is discussed as having an anti-rotation tab 146 on
inner portion 112 and as having an anti-rotation grooves
148 in outer portion 114. However, it will be understood
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from this disclosure that, in various embodiments, split
ball screw 110 may have anti-rotation tab 146 and/or anti-
rotation grooves 148 on inner portion 112 and/or outer
portion 114. In various embodiments, the one or more
anti-rotation tabs 146 comprise finger-like extensions ex-
tending from inner portion 112 and/or outer portion 114,
and anti-rotation tabs 146 may comprise flanges, ridges,
spline grooves, or any other apparatus configured to pre-
vent rotation of outer portion 114 relative to inner portion
112.

[0025] Returning to FIGS. 3A and 3B, split ball screw
110 may further comprise one or more thrust bearing
tracks defined in aradially inner surface 172 of inner por-
tion 112, in accordance with various embodiments. The
thrust bearing tracks may comprise annular or substan-
tially annular grooves and/or channels disposed in a ra-
dially inward surface of split ball screw 110. Motor hous-
ing 106 may comprise a generally annular housing that
extends axially along the axis A-A’ at least partially radi-
ally inward of split ball screw 110. In various embodi-
ments, motor housing 106 may comprise one or more
tracks defined in a radially outer surface 178 of motor
housing 106. The thrust bearing tracks on radially inner
surface 172 of split ball screw 110 may interface with or
mate with the tracks on the radially outer surface 178 of
motor housing 106. In various embodiments, split ball
screw 110 may be disposed at least partially around mo-
tor housing 106 such that one or more thrust bearing
tracks of split ball screw 110 and one or more tracks of
motor housing 106 align to form a thrust bearingraceway.
A plurality of bearings 180 may be disposed within the
thrust bearing raceway between split ball screw 110 and
motor housing 106. In various embodiments, bearings
180 may be spheres, non-spherical rolling bearings, cy-
lindrical rollers, or other suitable bearings.

[0026] A variety of drive components may be housed
within the motor housing 106, such as, for example, an
electromechanical drive motor, drive shaft, gearing sys-
tem, and the like. Amotor assembly 104 may be disposed
within motor housing 106 and may be configured to drive
the rotation of split ball screw 110. Motor housing 106
may comprise a stationary (non-rotating, non-translating)
component. Split ball screw 110 may rotate relative to
motor assembly 104 and motor housing 106. The rotation
of split ball screw 110 may drive the linear translation of
ball nut 108. Ball nut 108 may translate distally and/or
proximally along axis A-A’ (depending upon the direction
of rotation of split ball screw 110).

[0027] FIG. 3B shows electromechanical actuator 100
in an extended position. Compared to the actuator posi-
tion in FIG. 3A, FIG. 3B shows electromechanical actu-
ator 100 after split ball screw 110 has been rotated by
motor assembly 104 to drive ball nut 108 axially into an
extended position. Ball nut 108 has translated in a distal
direction 62. In various embodiments, the extension of
electromechanical actuator 100 has rotated a landing
gear 16 (FIG. 2) into a stowed position. In the event that
acomponent of electromechanical actuator 100 fails and



9 EP 3 403 928 A1 10

causes ball nut 108 to become stuck in the extended
position, i.e., with landing gear 16 in the stowed position,
actuatorrelease assembly 120 may be employed to allow
passive translation of ball nut 108. In this regard, actuator
release assembly 120 may be configured to effectively
decouple motor housing 106 from ball nut 108.

[0028] Referring to FIGS. 4A and 4B, the operation of
actuator release assembly 120 is shown, in accordance
with various embodiments. Actuator release assembly
120, may be in communication with controller 22 and/or
pilot controls 24. Actuator 100 may receive a command
from controller 22 and/or pilot controls 24 to disengage
the electromechanical actuator 100, forexample, in order
to permit passive movement of the actuator components,
andthus, a passive deployment ofalanding gear 16 (FIG.
2)

[0029] In various embodiments, actuator release as-
sembly 120 may comprise a hub 122, one or more pins
124, a biasing member or spring 126, a link 128, a lever
130, and a force input member, such as a cable 132. Hub
122 may be disposed radially inward of split ball screw
110. Hub 122 may also be disposed radially inward of
pins 124. One or more pins 124 may extend radially out-
ward from hub 122 and through apertures 164 in inner
portion 112 of split ball screw 110. Spring 126 may be
configured to bias hub 122 in the proximal direction 60.
Spring 126 may be coupled to hub 122 to form a biasing
member 190 configured to bias each of pins 124 in a
radially outward direction from hub 122, and into a groove
166 in outer portion 114 of split ball screw 110. Hub 122
may comprise a first hub portion 202 having a first diam-
eter and a second hub portion 204 having a second di-
ameter. The second diameter may be less than the first
diameter. The first hub portion 202 may be configured to
contact a pin 124 to hold the pin 124 in the groove 166
in outer portion 114 of split ball screw 110 (see also FIG.
3B). Stated differently, spring 126 applies a biasing force
to hub 122 in the proximal direction 60, which causes
first hub portion 202 to contact the one or more pins 124
and to apply a biasing force to the pins 124 in the radially
outward direction. In this regard, biasing member 190
may be configured to apply a biasing force to the pins
124 to hold the split ball screw 110 in an engaged state,
i.e., with outer portion 114 axially locked with inner portion
112 by one or more pins 124 (see FIG. 4A).

[0030] In various embodiments, the second hub por-
tion 204 may be configured allow the pin 124 to move
radially inward from outer portion 114, and disengage
from groove 166. The lever 130 of actuator release as-
sembly 120 may be configured to rotate about a pivot
134. Link 128 may be coupled between hub 122 and
lever 130. Cable 132 may be coupled to lever 130 and
may be configured to apply a force to lever 130. Thus,
cable 132 may be configured to rotate the lever 130 about
pivot 134. Lever 130 may be configured to exert a force
on the link 128, which may be configured to compress
spring 126 to move hub 122. In this regard, link 128 may
be a rigid body configured to transfer a force from lever
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130 to hub 122 and/or spring 126. By applying a force in
the distal direction 62 to hub 122 and/or spring 126, a
biasing force may be removed from pins 124. Inresponse
to engaging actuator release assembly 120, hub 122
moves in the distal direction 62 and second hub portion
204 may be positioned adjacent to pins 124. With the
biasing force removed from pins 124, pins 124 may move
radially inward relative to outer portion 114 of split ball
screw 110, thereby disengaging outer portion 114 from
inner portion 112.

[0031] It will be understood that actuator release as-
sembly 120 may be configured to move hub 122 through
other mechanisms, such as an actuated element, hy-
draulic element, manual element, or other mechanical
element or the like. For example, a system of links may
be configured to push or pull the hub 122 in the axial
direction.

[0032] Asdiscussedabove, actuatorrelease assembly
120 may be configured to disengage pin 124 from outer
portion 114 of split ball screw 110. Disengaging pin 124
from outer portion 114 decouples outer portion 114 from
inner portion 112 of split ball screw 110, which effectively
decouples the ball nut 108 from motor assembly 104. In
response to decoupling outer portion 114 from inner por-
tion 112, outer portion 114 may translate axially with re-
spect to inner portion 112. As outer portion 114 remains
coupled to ball nut 108 by bearings 156, outer portion
114 of split ball screw 110 moves axially together with
ball nut 108. With ball nut 108 effectively decoupled from
motor assembly 104, ball nut 108 (with outer portion 114
of split ball screw 110) slides axially between housing
102 and radially outer surface 162 of inner portion 112
of split ball screw 110. Without impediment by motor as-
sembly 104, the weight of landing gear 16 acting to com-
press electromechanical actuator 100 allows ball nut 108
to move in the proximal direction 60 relative to housing
102. Stated differently, gravity acts on landing gear 16
(see FIG. 2) to urge landing gear 16 from a stowed po-
sition to deployed position. In this regard, landing gear
16 tends to force housing 102 and ball nut 108 in the
proximal direction (see FIG. 4B). With split ball screw 110
disengaged, the force of landing gear 16 acting on hous-
ing 102 and ball nut 108 is transferred to outer portion
114 of split ball screw 110 causing outer portion 114 of
split ball screw 110 to passively slide in the proximal di-
rection 60 relative to inner portion 112. In various em-
bodiments, the pins 124 may comprise a taper or slope
at the radially outer end 168 of the pins 124. As outer
portion 114 of split ball screw 110 moves in the proximal
direction 60, the outer portion 114 contacts radially outer
end 168 of pins 124 and pushes the pins 124 radially
inward toward hub 122. More specifically, outer portion
114 of split ball screw 110 exerts a force on pins 124 in
the radially inward direction, and pins 124 move out of
groove 166 and radially inward through apertures 164
and contact second hub portion 204. Outer portion 114
is thereby permitted to move axially relative to inner por-
tion 112 of split ball screw 110. As housing 102, ball nut
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108, and outer portion 114 move in the proximal direction
60, landing gear 16 deploys. Thus, landing gear 16 may
be passively deployed without actuation, i.e., without en-
ergy applied, by electromechanical actuator 100.
[0033] FIG. 5A shows a cross section of a portion of
electromechanical actuator 100 with actuator release as-
sembly 120 taken along line 5A-5A from FIG. 3B. Actu-
ator release assembly 120 is shown in a state for en-
gaged operation of electromechanical actuator 100, as
discussed above with respectto FIG. 3B. Pins 124 extend
radially outward from a first hub portion 202 having a first
diameter D1. Apertures 164 of inner portion 112 may be
aligned with groove 166 in outer portion 114. Pins 124
extend completely through apertures 164 in inner portion
112 and into groove 166 of outer portion 114. First hub
portion 202 contacts a radially inner portion of each pin
124, and may apply a force directed radially outward to
hold pins 124 in grooves 166 of outer portion 114 of split
ball screw 110.

[0034] FIG. 5B shows a cross section of a portion of
electromechanical actuator 100 with actuator release as-
sembly 120 taken along line 5B-5B from FIG. 4A. Actu-
ator release assembly 120 is shown in a state with elec-
tromechanical actuator 100 disengaged, as discussed
above with respect to FIG. 4A. As hub 122 moves axially
(FIG. 4A), pin 124 may move radially inward into contact
with a second hub portion 204 having a second diameter
D2. Pins 124 move out of grooves 166 of outer portion
114, thereby decoupling outer portion 114 frominner por-
tion 112 of split ball screw 110. In various embodiments,
pins 124 may remain within apertures 164 in inner portion
112.

[0035] Upon realigning outer portion 114 with inner
portion 112 of split ball screw 110, pins 124 may be re-
inserted into grooves 166 of outer portion 114, thereby
recoupling outer portion 114 with inner portion 112.
[0036] FIG.6showsamethod 300 ofoperatinganelec-
tromechanical actuator 100, in accordance with various
embodiments. Method 300 may include the steps of cou-
pling an inner portion of a split ball screw with an outer
portion of the split ball screw (step 302), rotating the split
ball screw about an axis to drive a ball nut in a first axial
direction (step 304), detecting a failure mode of the elec-
tromechanical actuator (step 306) in response to detect-
ing the failure mode of the electromechanical actuator,
decoupling the outer portion of the split ball screw from
the inner portion of the split ball screw (step 308), trans-
lating the outer portion of the split ball screw and the ball
nut in a second axial direction (step 310), and deploying
a landing gear (step 312).

[0037] Step 302 may further include coupling the inner
portion with the outer portion further comprising biasing,
by a biasing member, a pin into engagement with inner
portion and the outer portion. Spring 126 may be coupled
to hub 122 to form the biasing member 190. The biasing
member 190 having a spring 126 and hub 122 may be
configured to apply a biasing force to the pin 124. Biasing
member 190 may be configured to bias the pin 124 in a
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radially outward direction from hub 122 and into a groove
166 in outer portion 114 of split ball screw 110. A first
hub portion 202 may be configured to contact a pin 124
and apply a biasing force in a radially outward direction
to hold the pin 124 in the groove 166 in outer portion 114
of split ball screw 110 (see also FIG. 3B).

[0038] Step 308 may further include decoupling the in-
ner portion from the outer portion further comprising ap-
plying a force to the biasing member to remove the bias-
ing force from the pin. In various embodiments, removing
the biasing force from the pin disengages the pin from
the outer portion of the split ball screw. The second hub
portion 204 may be configured to allow the pin 124 to
move radially inward from outer portion 114, and disen-
gage from groove 166.

[0039] Step 312 may further include passively deploy-
ing a landing gear coupled to the electromechanical ac-
tuator.

[0040] Afteradetecting afailure by the electromechan-
ical actuator, the electromechanical actuator may be re-
set and/or determined to be functional. Upon fixing the
electromechanical actuator or otherwise removing the
failure mode (step 314), an actuator release assembly
may be reset. In that regard, method 300 may further
include the step of recoupling the inner portion of the split
ball screw with the outer portion of the split ball screw
(step 316). Step 316 may further include reengaging the
pininto the outer portion of the splitball screw in response
to removing the failure mode of the electromechanical
actuator. After removing the failure mode, any of steps
302 through 312 may be repeated.

[0041] Benefits and other advantages have been de-
scribed herein with regard to specific embodiments. Fur-
thermore, the connecting lines shown in the various fig-
ures contained herein are intended to represent exem-
plary functional relationships and/or physical couplings
between the various elements. It should be noted that
many alternative or additional functional relationships or
physical connections may be present in a practical sys-
tem. However, the benefits, advantages, and any ele-
ments that may cause any benefit or advantage to occur
or become more pronounced are not to be construed as
critical, required, or essential features or elements of the
disclosure. The scope of the disclosure is accordingly to
be limited by nothing other than the appended claims, in
which reference to an element in the singular is not in-
tended to mean "one and only one" unless explicitly so
stated, but rather "one or more." Moreover, where a
phrase similar to "at least one of A, B, or C" is used in
the claims, it is intended that the phrase be interpreted
to mean that A alone may be presentin an embodiment,
B alone may be present in an embodiment, C alone may
be present in an embodiment, or that any combination
of the elements A, B and C may be present in a single
embodiment; for example, A and B, A and C, B and C,
or Aand B andC.

[0042] Systems, methods and apparatus are provided
herein. In the detailed description herein, references to
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"various embodiments", "one embodiment", "an embod-
iment", "an example embodiment", etc., indicate that the
embodiment described may include a particular feature,
structure, or characteristic, but every embodiment may
not necessarily include the particular feature, structure,
or characteristic. Moreover, such phrases are not nec-
essarily referring to the same embodiment. Further, when
a particular feature, structure, or characteristic is de-
scribed in connection with an embodiment, it is submitted
that it is within the knowledge of one skilled in the art to
affect such feature, structure, or characteristic in connec-
tion with other embodiments whether or not explicitly de-
scribed. After reading the description, it will be apparent
to one skilled in the relevant art(s) how to implement the
disclosure in alternative embodiments.

Claims
1. An electromechanical actuator, comprising:

a motor assembly (104);

a ball nut (108);

a split ball screw(1 10) disposed between the
motor assembly and the ball nut, the split ball
screw having an inner portion (112) and an outer
portion (114), wherein the inner portion interfac-
es with the motor assembly, and wherein the
outer portion interfaces with the ball nut; and

a pin (124) configured to engage with the inner
portion and the outer portion of the split ball
screw to couple the outer portion with the inner
portion.

2. The electromechanical actuator of claim 1, wherein
the motor assembly (104) is configured to rotate the
split ball screw (110) about an axis to translate the
ball nut (108) axially.

3. The electromechanical actuator of claim 1 or 2,
wherein the outer portion of the split ball screw is
concentric with the inner portion of the split ball
screw.

4. The electromechanical actuator of claim 1, 2 or 3,
further comprising an actuator release assembly
(120), comprising:

a hub (122) disposed radially inward of the pin,
and

a spring (126) coupled to the hub to form a bi-
asing member configured to bias the pin into a
groove in the outer portion of the split ball screw.

5. The electromechanical actuator of claim 4, wherein
the hub comprises a first hub portion (202) having a
first diameter and a second hub portion (204) having
a second diameter, the first hub portion configured
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to contact the pin to hold the pin in the groove in the
outer portion of the split ball screw.

6. The electromechanical actuator of claim 5, further
comprising:

a lever (130) configured to rotate about a pivot;
a link (128) coupled between the hub and the
lever; and

acable (132) coupled to the lever, the cable con-
figured to rotate the lever, the lever configured
to exert a force on the link, the link configured
to compress the spring to move the hub; and
preferably

wherein the second hub portion is configured to
disengage the pin from the outer portion of the
split ball screw.

7. A landing gear, comprising:

a strut (18); and

an electromechanical actuator (100) coupled to
the strut, the electromechanical actuator com-
prising:

a motor assembly (104),

a ball nut (108),

a split ball screw (110) disposed between
the motor assembly and the ball nut, and
an actuator release assembly coupled to
the split ball screw.

8. The landing gear of claim 7, wherein the split ball
screw includes an inner portion (112) concentric with
an outer portion (114), the inner portion having an
aperture (164) aligned with a groove (166) of the
outer portion.

9. The landing gear of claim 8, wherein the actuator
release assembly comprises:

a hub (122) disposed radially inward of the split
ball screw;

a pin (124) extending radially outward from the
hub and through the aperture in the inner portion
of the split ball screw.

10. The landing gear of claim 9, further comprising a
spring (126) coupled to the hub to form a biasing
member configured to bias the pin into the groove in
the outer portion of the splitball screw, and preferably
wherein the pin disposed in the groove couples the
outer portion with the inner portion of the split ball
screw.

11. The landing gear of claim 9 or 10, wherein the hub
comprises a first hub portion having a first diameter
and a second hub portion having a second diameter,



12.

13.

14.

15.
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the first hub portion configured to contact the pin to
hold the pin in the groove in the outer portion of the
split ball screw.

The landing gear of claim 8, 9, 10 or 11, wherein the
actuator release assembly is configured to decouple
the outer portion from the inner portion of the split
ball screw to decouple the ball nut from the motor
assembly, and preferably wherein the landing gear
is configured to deploy in response to the actuator
release assembly decoupling the ball nut from the
motor assembly.

A method of operating an electromechanical actua-
tor, comprising:

coupling an inner portion of a split ball screw
with an outer portion of the split ball screw;
rotating the split ball screw about an axis to drive
a ball nut in a first axial direction;

in response to a failure mode of the electrome-
chanical actuator, decoupling the outer portion
of the split ball screw from the inner portion of
the split ball screw; and

translating the outer portion of the split ball screw
and the ball nut in a second axial direction.

The method of claim 13, wherein coupling the inner
portion with the outer portion further comprises ap-
plying a biasing force, by a biasing member, to a pin
configured to engage with the inner portion and the
outer portion; and preferably wherein decoupling the
inner portion from the outer portion further comprises
applying a force to the biasing member to remove
the biasing force from the pin, wherein removing the
biasing force from the pin disengages the pin from
the outer portion of the splitball screw; and preferably
further comprising reengaging the pin into the outer
portion of the split ball screw in response to removing
the failure mode of the electromechanical actuator.

The method of claim 13 or 14, wherein translating
the outer portion of the split ball screw and the ball
nut in the second axial direction further comprises
passively deploying a landing gear coupled to the
electromechanical actuator.

10

15

20

25

30

35

40

45

50

55

16



EP 3 403 928 A1

10



EP 3 403 928 A1

A
% y
xfsaoj////ﬁ M 10

1"



EP 3 403 928 A1

VEOI4 e
S lmmv 0z} Hvlv

0l gz . g

| \

1Y L1
DAMAAN IV YTV T TV T I T OV TN O TS 0T il e ) el
\ m/. S RN R
§ N |, — w
LT IESasni v asanassnnsi IR LTI T v Bl
A RR / F
zk / N *

e

velee

L T T T T T T 777 L8774 7]
~L
Pl [\ 1
] ////////////f//ﬁ//ﬂl/t//////
A} A\ T\
o7l J) /
a0l il
08l
201 801 8/

vol

¢l .m@ /MrM/ . | |
N T B e ey B
fﬂu AN L\ \ | t ,

12



EP 3 403 928 A1

geol4 o

09 9
L T !
0ct
A
o N
0gl
act
44 A4
| . AN
/ %ﬁ/ :_/f.,,//,f,,,,//f;/ 5
INENEN AN NRANi \\::::\\\:\vv\l%\#/ a- ;\,‘/; \\\\
cel [N/ A T 7 ; Y07
V2 S U2 | Rt e s ?!\?Ex e x?ne\x\ §§§§§§§§§§§§§§§§§§§ .f@? -
‘ R 711 ./.\\Now
0¢ == \\\ ERT ¥
INENSNS| LA ITI0 g “\\}#@w
\ﬂ. WL v //,/,/V
Fi \ \ L - : | /
w - \\ ¢l AN 2N / L_l7<m ovlL
201 S0l R 801 *~
04 291 00}

velee

13



EP 3 403 928 A1

) Z
5w ViOld Mrl
< S

0z1 A

0gl
8zl vl

N &/ﬁ = "

3 /§ ,//m/ﬂ,,,///// kY NN
iL7 NNy Iy \\u W\\ Om_\
=
ol V/ /T =11 ) TITY
s@ | YAWA SN A, g i\\\kvom /
R 5 Y ol wEos: § SRPRPIN N — Nx;nuu\::f Sy Jnalz?!JPxx e T T T p— e
v ! ¥7 20 ‘4 Y
0S 09} s
' LITIITTTTT M/M::\\ \&\7\‘\31 ZWMVL : \\[W\]/vm_‘ &
\ ‘o 2 > wmﬁ.ﬁ,ﬁ 3o ./_( /\/J// 3 Y i L} V N
\ i
f o —" k sv_ Nw ST w /OS
Zil
201 N 71 801 j
Ok 90l 29}

v2/22 00

14



EP 3 403 928 A1

09

¢9

cel

/5 oz}
A ”

%%//, SN U ALY N WA
X {
NSNS NRSNEINN VRN \xx\/l \\w\a. = l\\.mw -
cel ENA /Am,v/wi 7 I
§§§§§§§§§§§§ |\mHWx e e e e e L e e e e
v Vel ) [NV R 0 g
0l mWw
Om £ L ,.:.\ L INEBNINI 7 \HN\\\\\ 7 ! \\\\
) ﬂn.//%z////// ,/”,// kY /v/\./x.
]
O@ﬁ £ | 1 £ AY af A}
) . ) Jx: Bl oy
9G] 1422 chl vl
o O
991 Y’
vt

001

15



EP 3 403 928 A1

124

204

124

@ 7777

202

A
122
11
148
S
144

120

16

FIG.5B

FIG.5A



EP 3 403 928 A1

COUPLE INNER PORTION OF 5PLIT

BALL SCREW WITH QUTER L 302

PORTION OF SPLIT BALL SCREW

A 4

ROTATE SPLIT BALL SCREW ABOUT hor’ 304

AXISTO DRIVE BALL NUT IN FIRST =

300

AXIAL DIRECTION

DETECT A FAILURE MODE OF THE
ELECTROMECHANICAL ACTUATOR

INNER PORTION OF SPLIT BALL
SCREW

SPLIT BALL SCREW AND BALL NUT
IN A SECOND AXIAL DIRECTION

DECOUPLE OUTER PORTION FROM |/~ 308

TRANSLATE OUTER PORTION OF f 310

DEPLOY LANDING GEAR

|~ 312

FIG.

6

17

g316

RECOUPLE INNER PORTION
OF SPLIT BALL SCREW WITH
OUTER PORTION OF SPUT
BALL SCREW

X

3314

REMOVE THE FAILURE MODE
OF ELECTROMECHANICAL
ACTUATOR




10

15

20

25

30

35

40

45

50

55

9

Européisches
Patentamt

European
Patent Office

Office européen
des brevets

[

EPO FORM 1503 03.82 (P04C01)

EUROPEAN SEARCH REPORT

EP 3 403 928 A1

Application Number

EP 18 17 2734

DOCUMENTS CONSIDERED TO BE RELEVANT

Category Citation of document with indication, where appropriate, Relevant CLASSIFICATION OF THE
of relevant passages to claim APPLICATION (IPC)
X US 2010/282901 Al (MASON GARTH L [US]) 7 INV.
11 November 2010 (2010-11-11) B64C25/24
A * paragraph [[0015]] - paragraph [[0022]];|1-6,8-15 B64C25/60
figures 2-3 * B64C25/40
--- F16H25/22
X EP 1 902 947 A2 (GOODRICH ACTUATION 7
SYSTEMS LTD [GB])
26 March 2008 (2008-03-26)
A * paragraph [[0009]] - paragraph [[0018]];][1
figure 1 *
X US 2016/025199 Al (BOONE NICHOLAS ANDREW (7
[US] ET AL) 28 January 2016 (2016-01-28)
A * paragraph [[0023]] - paragraph [[0029]];[1-6,8-15
figure 2B *
* paragraph [[0003]] *
X US 8 499 653 Bl (SHEAHAN JR JAMES J [US] |7
ET AL) 6 August 2013 (2013-08-06)
A * column 3, line 56 - column 4, line 41; 1
figures 1-3 * TECHNICAL FIELDS
o SEARCHED (IPC)
A US 4 745 815 A (KLOPFENSTEIN BRENT A [US]) |1 B64C
24 May 1988 (1988-05-24) F16H
* column 3, Tine 12 - column 4, Tine 53;
figure 1 *
* column 1, Tine 12 - line 23 *
The present search report has been drawn up for all claims
Place of search Date of completion of the search Examiner

Munich

29 June 2018 Binet, Giovanni

CATEGORY OF CITED DOCUMENTS

X : particularly relevant if taken alone

Y : particularly relevant if combined with another
document of the same category

A : technological background

O : non-written disclosure

P : intermediate document

T : theory or principle underlying the invention

E : earlier patent document, but published on, or
after the filing date

D : document cited in the application

L : document cited for other reasons

& : member of the same patent family, corresponding
document

18




10

15

20

25

30

35

40

45

50

55

EPO FORM P0459

EP 3 403 928 A1

ANNEX TO THE EUROPEAN SEARCH REPORT

ON EUROPEAN PATENT APPLICATION NO. EP 18 17 2734

This annex lists the patent family members relating to the patent documents cited in the above-mentioned European search report.
The members are as contained in the European Patent Office EDP file on
The European Patent Office is in no way liable for these particulars which are merely given for the purpose of information.

29-06-2018
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2010282901 Al 11-11-2010 CN 102438898 A 02-05-2012
US 2010282901 Al 11-11-2010
WO 2010129960 Al 11-11-2010
EP 1902947 A2 26-03-2008  EP 1902947 A2 26-03-2008
US 2008072695 Al 27-03-2008
US 2016025199 Al 28-01-2016 US 2016025199 Al 28-01-2016
WO 2016014676 Al 28-01-2016
US 8499653 Bl 06-08-2013  US 8499653 Bl 06-08-2013
Us 9347535 Bl 24-05-2016
US 4745815 A 24-05-1988 JP S63152761 A 25-06-1988
Us 4745815 A 24-05-1988

For more details about this annex : see Official Journal of the European Patent Office, No. 12/82

19




	bibliography
	abstract
	description
	claims
	drawings
	search report

